There is increasing use of polymerase chain reaction techniques to diagnose infection. We report the use of polymerase chain reaction using a generic section of the bacterial 16S rDNA gene-followed by nucleotide sequencing-to determine the species of the infecting bacteria. In the first case, the clinical and microbiological diagnosis of meningococcal septicaemia was in agreement with the results from polymerase chain reaction technique. In the second case, a Yersinia enterocolitica bacteremia was detected by the polymerase chain reaction technique, but missed with conventional blood culture techniques.
It is well recognized that many intensive care patients who appear to be clinically septic have negative blood cultures 1 . In recent years there has been a cautious increase in the use of nucleic acid based techniques to detect the presence of infecting organisms 2, 3 . It is usual in these studies to use the polymerase chain reaction (PCR) technique to multiply (amplify) a section of the organism's DNA (called the target sequence). The resultant amplified product is then detected using standard gel electrophoresis techniques. Many studies use a section of the organism's DNA that is very specific for that organism alone 4 . The disadvantage of this approach is that it is necessary to start with a clear clinical indication of exactly which organism is to be sought. (For example, the presence of Streptococcus pneumoniae in patients with acute community acquired pneumonia.)
An alternative approach is to choose, as a PCR target, a section of the DNA that is common to a very wide range of bacterial species-so-called "universal sequences". Once this section has been amplified, the causative species may potentially be identified by sequencing the amplified DNA and then comparing this information with electronic databases of genetic sequences. The success of this enterprise depends on using a target sequence that is: 1. conserved sufficiently to be amplified from a wide range of bacteria (i.e., is sensitive), but 2. still contains enough unique sections of the overall sequence that are not conserved, thus enabling accurate species identification (i.e., is specific).
In this article we report as an example of the application of this technology, two cases using 16S ribosomal DNA PCR followed by sequencing to identify causative bacterial blood stream infection. To our knowledge this is the first report in the intensive care literature.
METHODS

Clinical Case 1
A previously well 19-year-old female presented to hospital with a one-day history of a flu-like illness, confused, shocked, and with a generalized purpuric rash. After blood cultures were taken, she was given intravenous fluids, ceftriaxone 2 g IV, flucloxacillin 1 g IV, and admitted to the intensive care unit (ICU). Her initial white cell count was 26x10 9 /l, with platelets of 57x10 9 /l and a prolonged activated partial thromboplastin time (85 s). A clinical diagnosis of presumed meningococcal septicaemia was made. Two hours after admission to the intensive care unit, further blood cultures were taken which included a specimen for PCR. As may be expected, she had a stormy course in the intensive care unit, at one stage requir-ing infusions of noradrenaline 5 mg/h and adrenaline 2 mg/h to maintain perfusion pressure. She also developed renal failure (treated with CVVHD), and severe ARDS requiring the use of prone ventilation, inhaled nitric oxide and intravenous almitrine to maintain oxygenation. She finally recovered and was discharged from the ICU after 19 days. Neisseria meningitidis (type B) was grown from the initial blood culture specimen after 72 hours. As described below, the same species was identified using the PCR technique. This was from the specimen which had been taken in the ICU two hours after the administration of the ceftriaxone. The blood culture from this second specimen was negative. The investigator (RTC) doing the PCR was in a separate institution and was blinded to both the clinical state of the patient and the results of the conventional microbiological tests.
Case 2
A previously well male aged 53 years was admitted to hospital after being involved in a motor vehicle accident. On admission he was unwell and complained of chest pain. His white cell count was 20.3x10 9 /l and a CT scan showed a small amount of free fluid around his liver. Over the next few hours he developed an enlarging right-sided haemothorax which was drained with some improvement in his condition. He was also started on a course of intravenous amoxicillin/clavulanic acid 1.2g 8 hourly. At this stage his haemoglobin concentration was 74 g/l and he was transfused three units of blood over two hours. Towards the end of the last unit he became restless and tachypnoeic and his temperature rose to 38.4°C. He was otherwise stable. The question of a transfusion reaction was raised and the remainder of the blood stopped. Because his condition started to improve nothing further was done. However four hours later he again deteriorated, his white cell count falling to 2.8x10 9 /l and he developed a metabolic acidosis (base deficit of 13 mmol/l). At this stage, a specimen for blood culture and PCR was taken, he was commenced on intravenous gentamicin and a laparotomy was performed at which 30 cm of infarcted distal small bowel was resected. Traumatic avulsion of an arcade of mesentery was considered be the cause of the ischaemic bowel. He was admitted to the intensive care unit postoperatively, made a good recovery and was discharged after three days. The blood culture specimen grew nothing, but the PCR detected the presence of Yersinia enterocolitica. In the light of the knowledge of this result, the stored archived frozen plasma specimens of the three transfused units of the blood and a portion of resected mesenteric lymph nodes were submitted for PCR analysis. This was done to ascertain whether the yersinial bacteraemia/nucleic-acidaemia had its origin in the tranfused blood or translocation from the ischaemic bowel. The plasma specimens were negative by PCR. Although the mesenteric lymph node specimen yielded a positive PCR result, sequencing of the PCR product suggested numerous different bacterial 16S rDNA sequences being present. This mixed 16S rDNA population was confirmed by a single strand conformational polymorphism (SSCP) technique. The specimens had not been handled in a sterile manner because they were originally intended for antibody detection and histology, and as a result had been bacteriologically contaminated. Thus we were not able to unequivocally demonstrate the origin of the yersinial bacteremia. A faecal specimen taken two days postoperatively showed no faecal pathogens.
Laboratory
The success of PCR techniques is critically dependent on the exact details of processing. This is described in the Appendix. For the clinician, a summary of the stages in the laboratory processing is shown in Figure 1 . In brief:
(1) DNA is extracted from the clinical specimen.
(2) Microbial 16S rDNA sequence is amplified from the extracted DNA using 30 to 40 cycles of the PCR reaction. (3) The nucleotide sequence of the amplified PCR product is determined. (4) This sequence is then compared with a known database of sequences to identify which species of bacteria is present. During the laboratory processing it is essential that the appropriate positive and negative controls are present. The extraction and amplification techniques have previously been validated 3 .
DISCUSSION
This paper reports the use of a generic bacterial primer (16S rDNA) PCR technique followed by genomic sequencing to identify blood infections. These two cases typify both the potential and the problems of interpretation of these techniques. In the first case the clinical diagnosis, the conventional blood culture and the PCR all converged. However it may be noted that the PCR was positive when the blood specimen had been taken some hours after effective antibiotic treatment had been initiated at the time when the conventional blood culture had become negative. This phenomenon has been also observed when specific meningococcal primers have been used to diagnose meningococcal bacterial meningitis from cerebrospinal fluid specimens 5 . This has valuable implications for both the epidemiological data collection and the ongoing antibiotic management of the patient. The PCR technique also has the potential for more rapid diagnosis, with the PCR results being available within eight hours of specimen collection.
The second case is clinically and bacteriologically more complex. There are two possibilities. Firstly, that there was some yersinial infection present in one of the units of blood. This was sufficient to evoke some signs of sepsis in the patient, but was not detected on conventional blood culture because of inhibition of bacterial growth by the amoxicillin that the patient had received. Alternatively, it could be hypothesized that the patient had pre-existing yersinial colonization of his bowel, which then translocated into his blood stream from his traumatically induced ischaemic jejunum. We would suggest that the infected blood explanation is more likely because: 1. the blood transfusion was temporally associated with the development of a pyrexia, 2. yersinia is a well recognised cause of infected blood because of its predilection for growth in a cold, iron-rich environment, and 3. yersinia is not commonly present in the small bowel in asymptomatic patients 6 . This case therefore raises the question as to whether small inocula of this relatively fastidious organism are more widely present in transfused blood than is recognized at present using conventional culture techniques, and perhaps should be sought in all cases of pyrexial transfusion reactions.
It is important to realise that the PCR technique detects the presence of bacterial DNA and does not imply the presence of live (or even whole) organisms. In both cases this may be advantageous in the diagnosis of the cause of the infection, being positive even when the ability of the organism to multiply had been inhibited by the prior administration of antibiotics. Further work is required to accurately determine the rate of clearance of nucleic acid from the blood stream and the rates of bacteraemia. For example, Streptococcus pneumoniae DNA has been detected by PCR in the serum of healthy children but not in adults 7 .
We conclude that these cases are illustrative of the potential uses of generic PCR techniques to extend the range of bacteriological diagnoses beyond that of conventional blood culture techniques. 
APPENDIX
Isolation of DNA
All solutions and tubes were sterile and handled aseptically. Approximately 3 to 4 ml of blood was collected in an EDTA tube. The tube was centrifuged at 400 G/10 min and 1.0 ml of plasma removed into a sterile 1.5 ml tube. A further 0.25 ml of the buffycoated layer was added to the plasma, followed by 120 µl of sterile 0.1 M Tris EDTA (pH 9.0). The tube was mixed and centrifuged at 16,000 G/5 min. 1.1 ml of plasma was removed, the cells resuspended, and 20 µl of sterile 10% Triton X-100, together with 20 µl of sterile proteinase K (10 mg/ml) added and incubated with shaking at 60°C for two hours. The proteinase K was inactivated by heating at 95°C/10 min, and then 600 µl of guanidinium lysing solution (5M guanidine hydrochloride, 2% Triton X-100, 50 mM EDTA) was added. The tube was then frozen at -70°C/15 min and thawed at 65°C/15 min, followed by the addition of 800 µl chloroform. The solutions were emulsified by inverting before being mixed for 30 min on a rotating wheel. Following centrifugation at 12,000 G/10 min, the supernatant was removed and the DNA precipitated, after standing for at least one hour, with an equal volume of propan-2-ol. The tube was then centrifuged at 16,000 G/20 min, the DNA precipitate washed in 70% ethanol, before being resuspended in 200 µl sterile TE. 5.0 µl of this was used for DNA amplification.
DNA Amplification
Extreme precautions were undertaken to prohibit amplification of background contamination. This included the use of sterile aerosol resistant pipette tips, separate areas for extracting DNA, aliquoting PCR reagents and running the gel. For detecting a universal bacterial target, the 5 end 16S r DNA gene was amplified using the following primers: (1) 63f (5'-CAG GCC TAA CAC ATG CAA GTC-3') … and 533 r (5'-TAA CCG CGG CTG CTG GCAC) which amplify a 503 bp region.
Because some specimens may still contain inhibitors after the DNA extraction a region of the beta-2 microglobulin gene, [B 2 M1 (5-TAA GCT GTG CTC GCG CTA CTC TCT) … and B 2 M2 (CGC TTA TCG ACG CCC TAA ACT TGT) which amplify a 350 bp region] was used to check for a false negative PCR. DNA amplification was accomplished by adding 5 µl of specimen DNA to 43 µl of PCR mastermix (1xGeneamp PCR gold buffer; 2.5mM MgCI 2 ; 200 µM deoxynucleotide triphosphates; 20 pMol of forward and reserve primers and 1.25 U of Amplitaq Gold). The primers and 45 µl aliquots of the PCR mastermix (minus the Amplitaq Gold) were "pre-sterilized" by irradiating at 254 nM in a UV cross linker for 25 minutes before Amplitaq Gold was added to the primers and then 2.2 µl of primer-Taq polymerase was added to 43 µl of mastermix. A negative control (mastermix but no DNA template) and a positive bacterial control (Rhodoplanes sp-a nonpathogenic bacterium) were included. Amplification conditions included an initial 4.0 min at 94°C followed by 40 cycles of 94°C/30 s; 55°C/30 s; 72°C/45 s.
For electrophoresis, 4 µl of PCR product was loaded onto a 2% agarose gel and electrophoresed for 45 min using 0.89M Tris/borate/EDTA buffer. Ethidium bromide staining of the gel was used to evaluate whether amplification of the bacterial 16S rDNA had been successful.
For cycle sequencing reactions, the remaining 40 µl of PCR product was precipitated with 40 µl of 25% polyethylene glycol 8,000/10 mM MgCl 2 /.6M CH 3 COONa. After standing for one hour, the tubes were centrifuged at 16,000 G for 20 min, the precipitated DNA washed in 100% ethanol and the DNA resuspended in 10 µl TE. A 2 µl aliquot was run on a 2% gel, together with a low molecular weight mass ladder to estimate the concentration of DNA. 10 ng of DNA and 1.6 pMol of either primer 63f, or 533r was added to the ABI prism Big-Dye Termination Cycle sequencing reaction mix and cycle sequenced at 96°C/10 s; 55°C/5 s; 60°C/4 mins for 25 cycles. The reaction products were precipitated with 2.5 vol of ethanol/sodium acetate before loading onto the sequence gel. Sequences were determined by electrophoresis with the ABI PRISM 377 DNA sequencer.
